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(57) Abstract

A vital life sign detector which can be used to determine heart and respiration activity in an individual wearing bulky clo-

thing, such as chemical warfare protective clothing. A detector (20), such as an accelerometer or geophone, detects chest wall vi-

brations of an individual and produces an output signal (22) in response thereto. The output signal is processed to determine the

existence of cardiac and respiratory activity. The output signal can be further processed to calculate the heart rate and respiration

rate of the individual. The system produces a visual (34) or audio signal (40) which allows medical personnel to determine quickly

whether the individual is alive.

BXSCOCIO:<WO «0«32A1»

BEST AVAILABLE COPY



FOR THE PVVOSBS OF INFORMATION ONLY

Codes used to identify States part) to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

at Austria

! AU AunraUa

aa
n

Spain ****

Ratwd ML

SB BartMdoa

8S Belgium

PS
CA

Francs MN
Oaboa MR

Mongolia

Mauritania

BP Burtta* Fao ca Unfed tUaptom MW Malawi
Netherlands

BC Bulgaria

BJ Benin

CM
ca

Uuinca

Crimea N0 Norway

PoUnd
Bft Brazil HU Hungary

tub *°
CA Canada IT

Romania

Sudan
CP 'Vntral African Republic

CC Congo .

CM Switzerland

J»
KP tocwsitf Poopte'i Republic S»

of Korva SM

a C6ced*tvoirc KR Republic of Korea

UwbtoMicio TO

SrlLanka 7?
Luxembourg vS

Soviet Uokm
Chad

CM Cameroon
OS Cnc«boilo«o*M

U
uc TOfD

United Sutm of America
D8» Germany Ui

DM ^ Oeaouk MC

-t- Any designation of "Sir has c

any such designation has effect in oil

jfert In the Russian Federation. It b f

tier States of (he former Soviet Union.
iot yet known whether

BNSOOCID: <WO W0«J2A1>



WO 92/09232
^

VITAL LIFE SIGN DETECTOR
™™»°*«*

2 Held of

3 the Invention

4 Hie present invention relates generally to systems for detecting vital life signs in

5 individuals. More specifically, the present invention provides a method and apparatus for

6 detecting vital life signs, such as heart rate and respiration, in an individual wearing heavy

7 garments or other covering. An example of such an individual would be a soldier

8 wearing arctic clothing or chemical warfare protective gear*

9 Background of
10 the Invention

11 The first step in a medical emergency is to determine whether the heart is beating

12 and breathing -is'present. The heartbeat is classically found by palpating the pulse in the

13 wrist, neck, or ankle, or by listening to the chest with a stethoscope or ear. Breathing is

14 typically detected by observing motion of the chest and abdomen or sensing airflow

15 through the.nose and mouth.

16 Situations occur, particularly in wartime, in which it is not possible for a human to

17 sensorially detect the pulse or breathing. This is particularly true during arctic or

18 chemical warfare where the casualty and the medical personnel may be completely

19 encased in heavy clothing and may be wearing heavy gloves or masks. Blood loss,

20 shock, and trauma may also reduce the intensity of the pulse and respiration which make

21 sensory detection of vital life signs difficult and time consuming.

22 In situations where large numbers of casualties are present, it is important that care

BWSOOOO:<WO 9200233A1;
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2 * determining the presence of a pulse and breathing is, therefore, a central issue in casualty

3 management.

4 The prior art has heretofore failed to provide a system for quickly detecting vital life

5 signs in individuals, such as wartime casualties, who are wearing bulky protective

6 clothing. The vital life sign detector of the present invention, described in greater detail

7 below, fulfills this need.

4

BNSOOClD: <WO Q209?32A1>



W0 92/09232 * PCT/US91/08905

2 the Invention

3 The vital life sign detector of the present invention overcomes the difficulties of the

4 prior art by providing a system which can be used to determine heart and respiration

5 activity in an individual wearing bulky protective coating. In the preferred embodiment

6 of the invention, a detector, such as an accelerometer or gcophone, detects chest wall

7 vibrations of an individual and produces an output signal in response thereto. The output

8 signal is processed to determine the existence of cardiac and respiratory activity. The

9 output signal can be further processed to calculate the heart rate and respiration rate of

10 the individual. Numerous types of transducers can be used to detect the chest wall

11 vibrations, including piezoelectric, electromagneticand resistive transducers.

12 The system of the present invention is contained in a housing which fits comfortably

13 in the gloved hand of medical personnel and requires little dexterity to activate. The

14 housing also has dimensions which allow it to be stable when at rest on the individual,

15 even when the chest surface is at large angles relative to horizontal. The total mass of

16 the device is sufficient to hold the detector effectively stationary relative to the body of

17 the patient. The bottom surface of the housing is covered with a nonslip coating to

18 prevent sliding off the chest.

i
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2 of tho Drawings

3 FIG. 1 is an illustration of the vital life sign detector of the present invention placed

4 on an individual.

5 FIG. -2 is a schematic illustration of the signal processing electronics employed in

6 the vital life sign detector of the present invention.

7 FIG. 3a is a graphical representation of an EGG signal produced by an individual.

8 FIG. 3b is a graphical representation of the output signal of the motion detector

9 employed in the present invention.

6NSOOCJD: <WO «209232Al>
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2 the Preferred Embodiment
*

3 FIG. 1 is an illustration of the vital life sign detector of the present invention placed

4 on the chest of an immobilized individual 12. The detector 10 is provided with an

5 appropriate display to allow the medical aid personnel 14 to quickly determine whether

6 the individual 12 is alive. The beating of the heart and breathing produce movements and

7 accelerations of the individual's body due to changes in organ volume and momentum

8 transfers. These accelerations and movements can be used to provide an indication of

9 cardiac output and respiratory volume changes. The movements range from very low

10 frequencies (respiration: 0.1 to 0.5 Hz; heart rate: OS to 4 Hz) to relatively high

11 frequencies (breath sounds: 100 to 2000 Hz; heart sounds and bruits: 40 to 1000 Hz).

12 These movements and vibrations normally can be detected with the finger or with the aid

13 of a stethoscope applied to the bare skin. However, when clothing or other coupling

14 materials are introduced between the skin and human sensor, the vibrations and sounds

15 are filtered with the high frequency components that are normally seasonally detectable

16 being filtered out. It has been observed by the inventor, however, that the low frequency

17 components are attenuated to a far lesser extent and can be sensed with low frequency

18 acceleration measurement devices. The system of the present invention utilizes these low

19 frequency signals to provide an indication of the existence of vital life signs.

20 In summary, the vital life sign detector is a small device which, when placed upon

21 a subject, will detect the mechanical vibrations associated with respiratory and heart

22 movement. Typically, the device is placed on the chest of the supine casualty. The

23 medical aid provider removes his hand and observes the face of the device. A display

BNSOOClD:<WO 82C8232A1
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2 ' A second display indicates respiratory motion and displays the respiration rate.

3 As shown schematically in FIG. 2, the chest wall vibrations produced by cardiac and

4 respiratory motions are detected with one or more motion detectors 20, such as an

5 aeceierometer or geophone. The motion detectors 20 can use any of a number of

6 transducers, including, but not limited to, piezoelectric, resistive, or electromagnetic An

7 example of the typical output signal from the modon detector 20 is illustrated in FIG. 3b.

8 The EGG signal is shown in FIG. 3a for reference. It should be noted that there are two

9 pulses associated with each heart beat. These pulses correspond to the onsets of systole

10 and diastole and are synchronous with the first and second heart sounds.

11 The signal from the motion detector 20 is first amplified in an appropriate amplifier

12 22 and then conditioned in several ways. Fust, for heart rate, the signal is processed by

13 an analog or digital bandpass filter 24 having a pass band from about OS to about 300

14 Hz. The transient oscillations are converted and smoothed into a pulse by a pulse shaper

15 circuit 26. . The shaped pulse signal is then fed to a level sensitive, timed, one shot trigger

16 28 which is held on for approximately 300 msec before resetting. The lock-on time is

17 consistent with the ejection time of the heart. This time lock-on is to prevent double

18 triggering by the second pulse. The timed pulse is then used to turn on the front panel

19 pulse indicator 30 to provide an indication of the existence of cardiac activity. The timed

20 pulse is also fed to a rate computation means 32, which can utilize analog, digital or

21 software *ate computing techniques, known in the art, to calculate heart rate. The

22 calculated heart rate is displayed on a front panel display 34.

BKSOOCIO-. <WO M09232AI!
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2 ' to provide a pscudo heart sound output for the user to hear. To provide this signal, the

3 transducer signal is passed through a weighted band pass filter 36 which has a transfer

4 function equivalent to that of a stethoscope. This filtered signal is (hen fed to a suitable

5 power amplifier 38 which is connected to an earphone 40. In the preferred embodiment

6 of the invention, the earphone is mounted in a stethoscope yoke to facilitate use.

7 The output signal of the motion detector 20 is also provided to a third channel which

8 is used to determine the existence of respiration in the individual by one of several

9 methods. In one method, the detector signal is processed in an extremely low bandpass

10 filter 41 The high frequency cutoff of the filter 42 is approximately five Hz. The overall

11 detector and filter low frequency cutoff should be 0.05 Hz or less. It is preferable that

12 the low frequency cutoff be defined by the detector rather than the subsequent

13 electronics. High pass filtering should not be used to avoid long settling times resulting

14 from any large artifacts introduced into the signal.

15 Another suitable method for detecting respiratory movements from the detector

16 signal is to measure the beat-to-bcat changes in the intensity of the pulses. The intensity

17 of the pulses are due, in part* to the compliance of the chest within which the heart is

18 beating. The compliance of the chest is dependent upon the volume of air contained

19 within the lungs and the muscle tension of the chest muscle, both of which will change

20 during the course of respiration. The cyclical compliance variations during breathing

21 produce the cyclical variations in the detected pulse amplitudes.

22 The low frequency components produced by filtering methods or the variations in

SNSOOClO:<WO 9209232A1>
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2
'

Either signal is also fed to a rate computation means which can utilize analog, digital, or

3 software rate computing techniques, known in the art, to calculate respiration rate.

4 Careful attention to the housing design is required for the detector to operate

5 properly to detect heart beat and respiration through garments. The device should fit

6 comfortably in the gloved hand of medical personnel and should require little dexterity

7 to activate. The housing should have dimensions which allow it to be stable when at rest

8 on the individual, even when the chest surface Is at large angles relative to horizontal.

9 The total mass of the device must be sufficient to hold the detector effectively stationary

10 relative to the body of the patient. A rectangular box of 4" x 3" x V having a weight of

11 one pound has been found to be a satisfactory upper limit The bottom surface of the

12 housing should also be covered with a nonsllp coating to prevent sliding off the chest.

13 The displays should be large and designed to be easily read especially from low angles

14 relative to the display. Finally, the device package should be sealed against contaminants

15 since, as' an emergency device, it will be used in hostile environments.

16 Although the vital life sign detector of the present invention has been described in

17 connection with the preferred embodiment, it is not intended to be limited to the specific

18 form set forth herein, but on the contrary, it is intended to cover such modifications,

19 alternatives, and equivalents as can be reasonably included within the spirit and scope of

20 the invention as defined by the appended claims.

BNSOOCtO:<WO MOMJ2A1.
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2*1. A system for detecting vital life signs in an individual, comprising:

3 means for detecting vibrations in the chest wall of an individual and for

4 producing an output signal in response thereto, even when said

5 " individual is wearing bulky clothing;

6 means for correlating said output signal with vital life signs of said

7 individual.

BNSOOCtO: <WO 8209Z32A1»
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vibrations comprising a piezoelectric transducer.

3 3. The system according to claim 1, said means for detecting said chest wall

4 vibrations comprising a electromagnetic transducer.

5 4. The system according to claim 1, said means for detecting said chest wall

6 vibrations comprising a resistive transducer.

7 5.
"

The system according to claim 1, further comprising means for processing

8 said output signal to provide an indication of heart sounds produced by said

9 individual

10 6. Hie system according to claim 5, further comprising means for using said

11 » heart sounds to calculate the heart rate of said individual.

12 7. Tlie system according to claim 6, further comprising a weighted bandpass

13 flher for processing said output signal, said weighted bandpass filter having

14 a transfer function equivalent to that of a stethoscope to provide an electrical

15 . signal representation of audible heart sounds, and an audio signal transducer

15 to convert said electrical representation into an audible heart sound.

BMSOOCID: <WO 020*2X1*1
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said output signal to determine the existence of respiration in said individual.

The system according to claim 8, further comprising means for calculating

the respiration rate of said individual.

The system according to claim 1, said system being contained in a housing

having sufficient mass to maintain said detector in an effectively stationary

position relative to the body of said individual.
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2 * A vital life sign detector which can be used to determine heart and respiration activity

3 in an individual wearing bulky clothing, such as chemical warfare protective clothing.

4 A detector, such as an acccierometcr or geopbone, detects chest wall vibrations of an

5 individual and produces an output signal in response thereto. Hie output signal is

6 processed to determine the existence of cardiac and respiratory activity. The output signal

7 can be further processed to calculate the heart rate and respiration rate of the individual.

8 The system produces a visual or audio signal which allows medical personnel to

9 determine quickly whether the individual is alive.

BNGOOOD: <WO 9206232At >
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